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1 Solving the optimization problem (4)

As discussed in Sect. 2.6, we solve the optimization (4) by an iterative procedure. We show here how
to compute the gradients of the objective function, which are required for using minPQN. We begin
with the objective function:

F=—1logp(Y[U,V,X, 1, %) = > log p(¢s;|U, V) = > log p(w;j # 0|V) (1)
i, J#i’
The first term can be expanded to :
log p(Y|U, V., X, 1, )
= logN(y; | p—X"((Te) ; o (Uv;)), %)

J

=- Z > log(V2mo,) — %(u - X" ((Is),j 0 (Uvy)) — yj)Tz:—l (u — X" ((1s) ;o (Uvy)) — yj)

(We abuse the notation in (uT —Y) a bit. When subtracting a matrix from a row vector, we need to
vertically replicate the row vector.)

== N Y log(vVara,) - %Tr{(pT —Y)E (W - )"
+Tr{(p" - YY) ((VUT o 15)X) "} — %Tr{((VUT oI5)X)S 1 ((VUT 0 15)X) "}

Define:
P, =P+ (1-1sp)

(basically replacing the zero entries with ones.)
We take the derivatives:



2 Hai-Son Le, Ziv Bar-Joseph

% =-(X= ' p" - Y)) oIsV+ XE !XT ((UVT) 0lg) 0 IaV
from dlog p(Y|U,V,X,u,X)
+ a(c® -Ip)0®,V
from 03, ; logp(l%j U, V)
where
o® =o(a®,0(UVT))
OF T —1+T T T T —1+wT T
v = (T =Y)ZXT) o IjU+ (((UV )ols) X2 1X )oLﬁU
from dlog p(Y|U,V,X,u,X)
+ B —1Iq)oQV 4+ a(c® -1s)To®,TU
from 837, ; logp(lej/ =1V) from 93>, ; logp(Ig,; U,Vv)
where
ot =0(B R0 (VVT))

Procedure ProjectOnSimplex(v, C)

output: argmin |w — v|2 s.t. > w; < C,w >0

Procedure Project(U, V,Cq, Cs)

// Threshold
for i,k do
L Wi < 0 1f wsp < €
for j, k do
L vk 0 if vjp < €
for k do
// Remove redundant entries in U
forie {i:upx >0 and uikv£¢i =0} do
L Uik < 0

// Projection
u, < ProjectOnSimplex(u , C1);
Vi < ProjectOnSimplex (v i, C2);

Fig. 1. Projection procedure to solve the optimization problem (4)

2 Distribution of module sizes

Figure 2 shows the size of modules identified by SNMNMF and PIMiM. Modules identified by both
methods have comparable size.
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Fig. 2. The histogram of the size of modules of SNMNMF and PIMiM.

3 Choosing the parameter K and «

We select the parameter K of PIMiM that yields the best F1 score as shown in Fig. 3. In addition,
we varied the values of a to examine the interplay effect of predictions of miRNA targets and protein
interaction data. The result is shown in Fig. 4.

Fig. 3. Performance of PIMiM with different values of K.
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Fig. 4. We varied the value of a and tested the different metrics discussed in Results. On one hand, low values
and high values lead to smaller F1 score. On the other hand, small values lead to more coherent gene modules,
which explains the better expression correlation.
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4 Enrichment results of several modules from TCGA dataset

Module 23 This module (Fig. 6) includes the miR~-302 and miR-520 clusters. These two clusters are
shown to display similar expression pattern in the differentiation of human embryonic stem cells [5].
Specifically, the miR-302 family is known for coordinately suppressing genes in the CDK2 and CDK4/6
cell cycle pathways [2]. Indeed, miRNAs in the miR-302 family were assigned to the same module by
PIMiM indicating that the module-based approach can help in recovering cooperative regulation of
groups of miRNAs. Among the top terms and gene sets from Gene Ontology and MSigDB enrichment
analysis are: cell death, CD40 receptor complex, regulation of apoptosis, B cell immune response, TNF
receptor signaling pathway, ... (Table 3).

Module 48 (Fig. 7 and Table /) All miRNAs in this module were previously reported as active in
cancer: miR-130a/b [6], miR-328 [3] and mirR-504 which negatively regulates tumor suppressor p53 [1].

Mutation of the gene hub CEBPE is shown to increase the risk of acute leukemial[4].

(a) GO
D Name Adj.P-value
G0O:0033276 transcription factor TFTC complex <0.001
GO:0070461 SAGA-type complex <0.001
GO0:0000123 histone acetyltransferase complex <0.001
G0O:0005669 transcription factor TFIID complex <0.001
GO:0005667 transcription factor complex <0.001
G0:0044428 nuclear part <0.001
GO:0016578 histone deubiquitination <0.001
GO:0006352 transcription initiation, DNA-dependent <0.001
G0:0019219 regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolic process  <0.001
GO:0051171 regulation of nitrogen compound metabolic process <0.001
(b) MSigDB
Gene Set Name Description P value
MIPS TFTC COMPLEX TFTC complex (TATA-binding protein-free TAF-II- 0EO
containing complex)

MIPS GCN5 TRRAP HISTONE GCN5-TRRAP histone acetyltransferase complex 0EO

ACETYLTRANSFERASE COM-

PLEX

KEGG BASAL TRANSCRIPTION Basal transcription factors 5.55E-16

FACTORS

MIPS TFIID BETA COMPLEX TFIID-beta complex 1.86E-13

MIPS TFIID BETA COMPLEX 1 TFIID-beta complex 1.86E-13

MIPS STAGA COMPLEX

MIPS DA COMPLEX

MIPS PCAF COMPLEX

MIPS TFIID COMPLEX

MIPS TFIID COMPLEX B CELL
SPECIFIC

STAGA complex (SPT3-TAF9-GCN5 acetyltrans- 3.02E-13

ferase complex)

DA complex

PCAF complex

TFIID complex

TFIID complex, B-cell specific

7.05E-13
7.85E-11
1.85E-10
1.85E-10

Table 2. Enrichment analysis of the set of genes in Module 11.
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miR-302a

All 3 types
BRCA only

Fig. 6. Network of miRNAs and mRNAs of Module 23.

@ miR-148a
All 3 types
zBTB4)

GBM only

Fig. 7. Network of miRNAs and mRNAs of Module 48.
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(a) GO
D Name Adj. P-value
G0O:0010941 regulation of cell death <0.001
G0O:0010942 positive regulation of cell death <0.001
GO:0035631 CD40 receptor complex <0.001
G0:0042981 regulation of apoptosis <0.001
G0O:0043065 positive regulation of apoptosis <0.001
GO:0043067 regulation of programmed cell death <0.001
G0:0043068 positive regulation of programmed cell death <0.001
G0O:0008624 induction of apoptosis by extracellular signals 0.004
G0O:0009898 internal side of plasma membrane 0.005
GO:0006917 induction of apoptosis 0.015
GO0:0012502 induction of programmed cell death 0.015
GO:0048522 positive regulation of cellular process 0.015
G0:0048518 positive regulation of biological process 0.031
G0O:0004842 ubiquitin-protein ligase activity 0.032
GO:0019787 small conjugating protein ligase activity 0.041
GO:0051090 regulation of sequence-specific DNA binding transcription factor activity 0.047
G0:0051092 positive regulation of NF-kappaB transcription factor activity 0.047
G0O:0035304 regulation of protein dephosphorylation 0.05
(b) MSigDB

Gene Set Name Description P value
KEGG SMALL CELL LUNG CAN- Small cell lung cancer 1.62E-9

CER

BIOCARTA TALL1 PATHWAY

BIOCARTA TNFR2 PATHWAY
PID CD40 PATHWAY

SIG CD40 PATHWAY MAP
KEGG PATHWAYS IN CANCER
PID TNF PATHWAY

PID CERAMIDE PATHWAY
LAU APOPTOSIS CDKN2A UP

REACTOME CELL DEATH SIG-
NALLING VIA NRAGE NRIF

AND NADE

sponses

TNFR2 Signaling Pathway
CD40/CD40L signaling

Genes related to CD40 signaling
Pathways in cancer

TNF receptor signaling pathway
Ceramide signaling pathway

cer cells after knockdown of CDKN2A

NRIF and NADE

TACI and BCMA stimulation of B cell immune re- 1.02E-7

1.82E-7
9.97E-7
1.33E-6
1.48E-6
3.35E-6
3.81E-6

Genes up-regulated by UV-irradiation in cervical can- 5.77E-6

Genes involved in Cell death signalling via NRAGE, 7.51E-6

Table 3. Enrichment analysis of the set of genes in Module 23.

11
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(a) GO
1D Name Adj.P-value
G0O:0071930 negative regulation of transcription involved in G1/S phase of mitotic cell cycle 0.005
GO0:0035189 Rb-E2F complex 0.008
GO:0000122 negative regulation of transcription from RNA polymerase II promoter 0.01
GO0:0005634 nucleus 0.032
G0O:0003700 sequence-specific DNA binding transcription factor activity 0.033
G0:0001071 nucleic acid binding transcription factor activity 0.033
GO:0003677 DNA binding 0.038
G0:0019219 regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolic process 0.045
(b) MSigDB
Gene Set Name Description P value
PID HES HEYPATHWAY Notch-mediated HES/HEY network 1.1E-8
MARKS ACETYLATED NON HI- Non-histone proteins that are acetylated 6.14E-8

STONE PROTEINS
PARK TRETINOIN RESPONSE
AND RARA PLZF FUSION

PARK TRETINOIN RESPONSE
AND PML RARA FUSION

MAGRANGEAS MULTIPLE
MYELOMA IGLL VS IGLK UP

TONKS TARGETS OF RUNXI1
RUNX1T1 FUSION HSC DN

PID RB 1IPATHWAY

RAMJAUN APOPTOSIS BY
TGFB1 VIA MAPK1 DN

QI PLASMACYTOMA UP

PID CMYB PATHWAY

Genes up-regulated by tretinoin (all-trans retinoic 2.08E-7
acid, ATRA) in U937 cells (acute promyelocytic
leukemia, APL) made resistant to the drug by expres-

sion of the PLZF-RARA fusion

Genes up-regulated by tretinoin (all-trans retinoic 5.46E-7
acid, ATRA) in U937 cells (acute promyelocytic
leukemia, APL) made sensitive to the drug by expres-

sion of the PML-RARA fusion

Up-regulated genes discriminating multiple myeloma 1.54E-6
samples by the ype of immunoglobulin light chain they
produce: Ig lambda (IGLL) vs Ig kappa (IGLK)

Genes down-regulated in normal hematopoietic pro- 2.67E-6
genitors by RUNX1-RUNXI1T1 fusion.

Regulation of retinoblastoma protein 5.81E-6
Apoptotic genes dependent on MAPK1 and down- 8.09E-6
regulated in AML12 cells (hepatocytes) after stimu-

lation with TGFB1

Up-regulated genes that best disciminate plasmablas- 9.69E-6
tic plasmacytoma from plasmacytic plasmacytoma tu-

mors

C-MYB transcription factor network 1.26E-5

Table 4. Enrichment analysis of the set of genes in Module 48.
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